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ABSTRACT
This Bulletin reports the results of an investiga-
tion of the pressure losses in fittings and supply
outlets used in perimeter forced-air heating and/or
cooling systems except the perimeter-loop and
crawl space plenum systems. The tests were con-
ducted in the Mechanical Engineering Laboratory.
The principal objective of this study was to de-
termine the pressure loss in various types of perim-
eter supply outlets, and incidental fittings used
with the outlets, when installed on round ducts
with diameters ranging from 31/, to 6-in. The types
of outlets tested were floor diffusers, baseboard
diffusers, low sidewall diffusers, and extended base-
board diffusers. The fittings studied were boots,
head-in-wall baseboard stackheads, out-of-wall
inclined-face baseboard stackheads, and low side-
wall stackheads. During the course of the investiga-
tion, the effect of collar size, outlet dimensions, and
outlet vane settings on the pressure loss in outlet-
fitting combinations were evaluated. The outlets
were tested in arrangements simulating actual in-
stallation practice, and for comparative purposes
some of the outlets were tested at the end of a
straight section of duct which was the same size
as the outlet being tested.
The project was limited to the study of the
pressure losses of the outlets without regard to
their air distribution characteristics. Air distribu-
tion characteristics of the various types of perimeter
outlets are reported in University of Illinois Engi-
neering Experiment Station Bulletins 435 and 442.
The following general conclusions may be drawn
from the results of the investigation:
1. Outlets should be tested in arrangements that
simulate actual conditions of installation, i.e.,
in conjunction with appropriate boots, stack-
heads, etc. The resistance of a boot-outlet
or boot-stackhead combination cannot be
calculated accurately by adding the resist-
ance of each component as determined
separately.
2. The pressure loss of a fitting-outlet combina-
tion depends principally upon outlet free
area, collar size, air-flow rate, and, in the
case of extended baseboard outlets, outlet
length and boot exit dimensions.
3. By defining the pressure loss for a combina-
tion in terms of velocity pressure in the ap-
proach duct, i.e., pressure ratio, the pressure
loss data may be expressed in terms in-
dependent of the air-flow rate.
4. Except in the case of extended baseboard out-
lets, the pressure ratio is a function only of
the area ratio in a given type of installation.
For a given pipe size, the pressure ratio and,
therefore, the pressure loss generally decrease
as the area ratio, i.e., outlet free area, is in-
creased, except for floor outlets, where there
is an optimum area ratio for minimum pres-
sure ratio.
5. Since the effect of vane angle setting and out-
let dimensions on pressure loss could be at-
tributed directly to their influence on free
area (except in the case of extended base-
board), accurate data on the outlet free area
are necessary and sufficient for the purpose
of predicting pressure losses. In the case of
extended baseboard outlets, however, the
length has an influence on the pressure loss
quite apart from that due to its effect on
the outlet free area.
6. Properly designed fittings have lower pressure
losses than simple, box-type fittings, as evi-
denced by the results of tests on PH-4 (sug-
gested standard register angle boot for
perimeter heating) and box-type boots.
Although it is not a conclusion from the study
reported, it may bear repetition here that the selec-
tion of an outlet should not be based principally
on its pressure loss. Low pressure loss, however
desirable, should be subordinated to proper air dis-
tribution characteristics.
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I. INTRODUCTION
1. Preliminary Statement
This Bulletin reports an investigation of the
pressure losses in fittings and supply outlets used
in perimeter forced-air heating and/or cooling sys-
tems. The results are applicable to all perimeter
forced-air systems where air is furnished to each
supply outlet through a branch duct. The project
was conducted in the Mechanical Engineering Lab-
oratory of the University of Illinois during the
years 1954-56 under the terms of a cooperative
agreement between the University of Illinois Engi-
neering Experiment Station and the National Warm
Air Heating and Air Conditioning Association. The
Research Advisory Committee of the Association,
consisting of the following men, provided guidance
and advice during the period of investigation re-
ported:
F. L. Meyer, Chairman; Meyer Furnace Com-
pany, Peoria, Illinois.
R. K. Becker, Ohio Valley Hardware Company,
Inc., Evansville, Indiana.
J. B. Burrowes, Lau Blower Company, Dayton,
Ohio.
B. P. Cirka, National Warm Air Heating and Air
Conditioning Association of Canada, Tor-
onto, Ontario.
K. T. Davis, Carrier Corporation, Syracuse, New
York.
G. W. Denges, The Williamson Company, Cin-
cinnati, Ohio.
R. S. Dill, National Bureau of Standards, De-
partment of Commerce, Washington, D. C.
(deceased)
E. R. Downe, C. A. Olsen Manufacturing Com-
pany, Elyria, Ohio.
E. W. Gettinger, American Furnace Company,
St. Louis, Missouri.
D. R. Grant, Morrison Steel Products, Inc., Buf-
falo, New York.
W. E. Hood, Carrier Corporation, Syracuse, New
York.
W. W. Johns, Johns & Son Furnace Company,
Urbana, Illinois.
F. Lynn, Lennox Industries, Inc., Syracuse, New
York.
C. W. Nessell, Minneapolis-Honeywell Regulator
Company, Chicago, Illinois.
G. Peoples, Lennox Industries, Inc., Marshall-
town, Iowa.
M. E. Ralston, The Williamson Company, Cin-
cinnati, Ohio.
H. F. Randolph, International Heater Company,
Utica, New York.
0. J. Ress, Mueller Climatrol, Division of Worth-
ington Corporation, Milwaukee, Wisconsin.
2. Scope and Objectives of Investigation
In recent years, the scope of the forced warm-
air heating system has been enlarged to include
summer cooling. The air velocities of the forced-air
system, which are higher than those of gravity sys-
tems, and the dual nature of its functions have
made it necessary to give a great deal more atten-
tion to the direction of the air stream and to air
distribution in the room. Attempts of various manu-
facturers to obtain proper air distribution, which
during heating is best achieved when warm air is
introduced so as to blanket the outside wall, have
resulted in many supply outlet designs of varying
complexity. Since pressure loss characteristics of
these outlets vary widely, it has become necessary
to obtain more information on the resistance of
supply outlets. In addition, the trend toward the
use of high velocities in small, round pipes and the
limited pressure available at the bonnet in resi-
dential forced-air heating and air conditioning sys-
tems has made the outlet losses an important factor
in system design.
Investigations of Kratz and Konzo(l)* have
shown that the supply outlets should be tested in
* Parenthesized superscript numerals refer to corresponding entries
in References.
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arrangements that simulate actual conditions of
installation, and that wall and ceiling surfaces ad-
jacent to an outlet have no appreciable effect on
the pressure loss through the outlet. They also con-
cluded that the total pressure immediately upstream
from the supply outlet is a reliable index of per-
formance. The investigations of Kratz and Konzo
have been restricted to registers tested either at the
end of a straight, rectangular duct or installed on
a stackhead. Pressure losses in 4-in. diam ducts
and fittings have been reported by Conn, Colborne,
and Brown. (2) Their investigations show that when
two or more fittings are immediately joined, the
pressure loss of the combination cannot be predicted
by the summation of the individual losses.
The principal objective of this study was to
determine the pressure loss in various types of
perimeter outlets and incidental fittings used with
the outlets. Specifically, the types of outlets tested
were floor diffusers, baseboard diffusers, low side-
wall diffusers, and extended baseboard diffusers;
and the fittings studied were boots, head-in-wall
baseboard stackheads, out-of-wall inclined-face
baseboard stackheads, and low sidewall stackheads.
The investigation evaluated the effect of collar size,
outlet dimensions, and outlet vane settings on the
pressure loss in the outlet-fitting combinations.
The project was limited to the study of the pres-
sure losses of the fitting-outlet combinations with-
out regard to air distribution characteristics of the
outlets. These characteristics of the various types
of perimeter outlets are reported elsewhere. 
(: ,4)
3. Criterion for Pressure Loss
The pressure loss between two stations in a
steady flow process may be obtained by the appli-
cation of the steady flow energy equation. Figure 1
is a diagram representing a steady flow process.
Assuming incompressible flow, the pressure loss
between Stations 1 and 2 may be expressed as:
V 1 - V 22  s2 1H2 (1)
2g p 2g p
or
as 1 = F + P - - P2 (2)
where
H112 = total pressure or head lost from Sta-
tion 1 to Station 2, in ft of fluid
flowing
V, & V 2 = mean velocities at Stations 1 and 2,
respectively, in ft per sec
Fig. 1. Application of Steady Flow Energy Equation
psi &ps2 = static pressures at Stations 1 and 2,
respectively, in lb per sq ft
g = acceleration due to gravity, in ft per
sec per see
p = density of fluid, in lb per cu ft
However,
V12
2g + P psp . p
V 2  Ps2
2 +
-
and
t = Pt; and Pt2
p p
= total pressure at Sta-
tion 1, in ft of fluid
flowing
P12 = total pressure at Sta-
P tion 2, in ft of fluid
flowing
= Pt2 where Pt, and Pt 2 are
total pressures or
heads at Stations 1
and 2, respectively,
in ft of fluid flowing.
Equation 2 may now be written as
1H12 = Ptl - Pt2
Equation 3 may now be used for defining a criterion
for pressure loss in a supply outlet or fitting.
Figure 2 illustrates a single run in a typical
forced-air system. Although the illustration shows
a floor outlet installed in a perimeter system, the
type of outlet used and the type of system used
are immaterial to the problem as long as air for
each outlet is supplied by a boot.
If the steady flow energy equation is now ap-
plied to the system;
Ptl = Pt 4 + 1H1t2 "+ 2Ht3 + 3Ht4
where
PaI = bonnet total pressure
Pt 4 = total pressure at entering face of outlet
1Ht2 = total pressure lost at entrance to duct
2Ht3 = total pressure loss in duct due to friction
3Ht4 = total pressure loss in register boot
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size and type. In order to size the system, the de-
signer has to know the magnitudes of the four
quantities on the right side of Eq. 4 for the various
air-flow rates, duct sizes, and outlets. The present
investigation is concerned with providing informa-
tion on two quantities mentioned, 3Ht4 and Pt 4 .
If Eq. 3 is applied between stations 3 and 4:
sHt4 = Pt3 - Pt 4 or Pt 3 = 3Ht 4 + PM
Equation 4 may now be re-written:
P l= 1 Ht2 + 2Ht1 + Pt3 (4a)
Fig. 2. A Floor Outlet Installed in a Typical
Forced-Air Perimeter Duct System
In forced-air system design, Pet is determined
by the characteristics of the furnace-blower com-
bination and is usually known to the designer. The
quantities on the right side of the equation, how-
ever, are dependent upon the air-flow rate, duct
size, fitting pressure loss characteristics, and outlet
and it is seen from Eq. 4a that a knowledge of the
individual values of 3Ht4 and Pt4 is not necessary
for the solution of Eq. 4, provided Pt3 is known.
Since there is no accurate method for determining
Pt 4 and since the determination of Pt3 is sufficient
for the fulfillment of the principal objectives of
this investigation, Pt, i.e., the total pressure at the
boot collar is defined as the pressure loss of a boot
or boot-outlet combination. Total pressure at the
boot collar is the sum of pressure loss in the boot-
outlet combination and final velocity pressure.
floor outlet
duct
PH-4 bont
II. DESCRIPTION OF APPARATUS AND GENERAL METHODS OF PROCEDURE
4. Description of Apparatus
The general arrangement of the apparatus used
is shown in Fig. 3. The orifice box is fitted with
four orifices, 5, 7, 8, and 11-in. diam, each of which
can be used either individually or in combination
with any of the others. The 12-in. centrifugal fan
discharged air from the orifice box into a large
plenum chamber. The fan was driven by a 11/2 hp,
220 v, d-c motor, and the motor speed could be
varied over a wide range by two rheostats in the
armature circuit. The plenum chamber was fitted
with a large baffle plate and egg-crate flow straight-
eners. From the plenum chamber, the air entered
a 6-ft length of test duct of the desired size. The
boot or the boot-outlet combination to be tested
was installed at the end of the test duct. Since the
size of the largest duct used was 6-in. diameter,
the test station was more than 10 diameters down-
stream from the entrance to the test duct.
A piezometer ring, including four taps, was in-
stalled 6 in. from the end of the test duct. The
pressure tap from the orifice box and the piezometer
ring were connected to two inclined draft gages by
rubber tubing. These gages, which read directly to
0.01 in. of water, were calibrated with a micro-
manometer. All joints in the test apparatus were
scaled tight with tape.
5. General Methods of Procedure
Since the total pressure at the boot collar was
defined as the pressure loss through a boot or a
boot-outlet combination, and since this total pres-
sure is a function of the air-flow rate, it was neces-
sary to determine experimentally the total pressures
piezometer ring
solid baffle plate
outletstraighteners
plenum
Fig. 3. Apparatus for Measurement of Pressure Losses in Perimeter Supply Outlets and Fittings
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* Boot X412 + L 412 A
* Boot X412 + F412 A
o Boot X412 alone
I-)
A
0
0
0
30
20
/0
Air flow roate, cfm
(a)
Fig. 4. Methods of Expressing Pressure Losses
80 /00
Air flow rote, cfm
(b)
(c)
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at the collar corresponding to several air-flow rates
in order to obtain the pressure loss characteristics
of a given boot or boot-outlet combination.
Measurement of Air-Flow Rate: The air-flow
rate was measured using the orifice box. The 5-in.
and the 7-in. orifices were calibrated individually,
using a 16-point velocity pressure traverse in a
10-ft length of 5-in round pipe installed on the
plenum chamber. The method used was the same
as that described in Appendix A of Reference 5.
The results of the calibration tests indicated that
the 5-in. orifice was adequate for the measurement
of air-flow rates up to 150 cfm, the upper limit to
be used in the investigation. Therefore, only the
5-in. orifice was used during the studies. All meas-
ured air-flow rates, including those reported herein,
were referred to standard air density of 0.075 lb
per cu ft.
Determination of Total Pressure at Boot Collar:
The total pressure at the boot collar was obtained
by adding the measured static pressure to the com-
puted velocity pressure. The static pressure was
indicated by the piezometer installed at the boot
collar. The average air velocity at the collar was
obtained by dividing the air-flow rate by the collar
area. The velocity pressure corresponding to the
average velocity was computed and added to the
measured static pressure. The sum was termed
the average total pressure at the boot collar.
Methods of Expressing Pressure Loss: The av-
erage total pressure at the boot collar has been
defined as the pressure loss through the boot or
boot-outlet combination and includes the final
velocity pressure. This total pressure can be ex-
pressed in three different terms: inches of water at
60 F, equivalent feet of approach duct, and velocity
pressure in the approach duct. A typical set of
pressure-loss data, expressed in terms of each of
the above quantities, is shown as a function of air-
flow rate in Fig. 4.
Figure 4a shows that the pressure loss, when
expressed in inches of water, is a function of air-
flow rate, requiring the use of a separate curve for
each boot or boot-outlet combination. Although
this method of expressing pressure loss has some
merit, in that the losses are stated in fundamental
units of measurement and can be used directly in
designing a duct system, it makes the presentation
of results cumbersome.
In Fig. 4b the losses are presented in terms of
equivalent length of approach duct. This method
of expressing pressure loss is frequently used in
practice to estimate the total equivalent length of
a duct system, since it simplifies duct system de-
sign to a great extent. It has the disadvantage,
however, that the pressure loss of a straight duct
is not independent of the size and shape of the
duct. Moreover, since the friction-pressure loss
curve for a straight pipe has a slope of 1.83 (Fig.
4a), whereas the slopes of the outlet pressure loss
curves are nearly 2.00, the equivalent length is not
entirely independent of the air-flow rate (Fig. 4b).
However, the variation of the equivalent length
with air-flow rate is small enough to permit the
use of an average equivalent length for expressing
the pressure loss of an outlet or fitting with reason-
able accuracy over a limited range of air-flow rates.
In Fig. 4c the losses are expressed in terms of
duct velocity heads, i.e., the ratio of the average
total pressure at the collar to the average velocity
pressure in the duct. The pressure ratio, being
dimensionless, has the advantage that results pre-
sented in this form can be applied to different sizes
of similar outlets. Therefore, it can be used as a
general statement of the pressure losses of a series
of similar outlets when tested in connection with
similar ducts. Pressure ratio has the further ad-
vantage that it is almost independent of the air-
flow rate, as can be seen from Fig. 4c. Thus, the
dimensionless form and independence from air-
flow rate make the pressure ratio a convenient
parameter for correlating test data from many com-
binations of duct and outlet sizes. In this bulletin
the results are presented in all three forms discussed
above, although pressure ratio is used more ex-
tensively than the other two forms.
III. PRESSURE LOSSES IN PH-4 BOOTS AND BOOT-FLOOR
OUTLET COMBINATIONS
6. Description of PH-4 Boots and Floor Outlets Tested
The combinations of pipe and outlet sizes
studied and the range of air-flow rates used in the
tests for each pipe size are shown in Table 1. Five
sizes of pipe, ranging from 31/2 in. to 6 in. in diam-
eter, and nine outlet sizes, ranging from 21// by
10-in. to 6 by 14-in. nominal dimensions, were
tested. Forty-five PH-4 boots and 29 floor outlets
of various sizes and makes were used in the study.
The PH-4 boot is a suggested16) standard register
angle-boot for perimeter heating systems.
The dimensions of each of the PH-4 boots
studied are shown in Table 2. The three numerals
in the boot number indicate its size and the fol-
lowing letter indicates the manufacturer. Thus,
boot number 214Z is a 214 by 14-in. boot made
by Manufacturer Z. It can be seen from the table
that the proportions of this type of boot are very
nearly standardized. The only samples that deviated
considerably from the average were those made
by manufacturer W.
The 29 floor outlets studied are described in
Table 3. The system used in numbering the outlets
is the same as that used for the boots. The first
letter indicates the type, the numerals the size, and
the last letter the manufacturer of the outlet. The
core areas given in the table are actual measured
core areas. Free areas are the summation of the
minimum passage areas measured between the de-
flecting vanes. No allowance was made for the
Table 1
Combinations of Fitting and Floor Outlet Sizes Studied
Collar Size, in. 3% 4 4% 5 6
Air Flow Range, cfm 60-100 60-120 60-120 60-120 60-150
Floor Outlet Sizes,
in.
24 by 10 X X X X
2Y by 12 X X X X
2Y by 14 X X X X
4 by 10 X X X X
4 by 12 X X X X X
4 by 14 X X X X
6 by 10 X X
6 by 12 X X
6 by 14 X X
dampers in determining free areas. Since all outlets
were tested with the vanes set as received from
the manufacturer, no alteration of the vane setting
was made. The types of vane settings encountered
are shown in Fig. 5 and are indicated in Table 3.
Table 2
Proportions of PH-4 Boots Tested
1c B
Fr
A +
E O-
Dimensions, inches
C D E F
5%
5%
8
8
5%
5%5V4
5¼
5ýi
6%
7
7¼
6%
5'/4
51/4
10%5%
101
7M«
11%
67
51%s
6¼N
9%
57%
7
7½
7
75%
7
8
8
9%
10
10
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Outlet Nominal
No. Size,
in.
A210E 2%4 by 10
A212E 2% by 12
A214B 24 by 14
A214C 2% by 14
A214H 2Y4 by 14
A214J 2Y4 by 14
A410B 4 by 10
A410C 4 by 10
A410H 4 by 10
A412B 4 by 12
A412C 4 by 12
A412E 4 by 12
A412H 4 by 12
A412M 4 by 12
A414B 4 by 14
A414C 4 by 14
A414H 4 by 14
A414M 4 by 14
A610E 6 by 10
A610F 6 by 10
A610H 6 by 10
A610M 6 by 10
A612E 6 by 12
A612H11 6 by 12
A612M 6 by 12
A614E 6 by 14
A614F 6 by 14
A614H 6 by 14
A614M 6 by 14
* See Figure 5.
t Mleasured values.
Freet Free Area
Area, Core Area
sq in.
15.7 .805
18.4 .783
18.7 .725
16.5 .609
18.8 .742
19.2 .744
27.3 .768
27.3 .834
26.2 .764
31.3 .724
31.9 .805
33.5 .759
31.7 .751
31.1 .739
37.2 .732
34.8 .757
36.4 .748
34.5 .703
42.8 .795
30.4 .574
39.4 .741
37.7 .702
50.7 .752
48.0 .748
45.2 .694
58.2 .771
48.9 .650
56.9 .755
52.9 .693
7. Test Procedure
Each of the boots studied was installed at the
end of a 6-ft long pipe of required size fitted to the
plenum transition section as shown in Fig. 3.
The static pressure, 6 in. upstream from the boot
collar, was measured at several air-flow rates, and
the corresponding average total pressure deter-
mined in each case by adding the velocity pressure.
Every boot was first tested without any outlet, and
then with each outlet of its size. The outlets were
installed with the dampers
opening.
co
/0 o  0
o  0/O
C/
200 0o  20°
C2
30° 0
o  30
o
I\\\\\\\\\\\ I///////////
C4
set at their maximum
/00 0 o  /I0 o
vi
20° 00 20o
2\\\\\\\ U I I I I 1111//
V2
30 0o 30 o
V3
400 0 o  40°
/5\\\\\0\ l ll /// ////
V4
30° 15° 0 o 15o 30o
I \\\\\\V, \\\ \ I \II I I// // I
G3
Fig. 5. Types of Vane Settings Tested on Floor Outlets
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Fig. 6. Effect of Outlet-Width and Length on Pressure Ratio
for 5-in. Collar-Boot-Outlet Combinations
8. Results of Tests
A typical plot of the pressure loss against air-
flow rate for one PH-4 boot, alone and in combina-
tion with two different outlets, is shown in Fig. 4.
From curves similar to these, the pressure loss,
equivalent length, and pressure ratio were deter-
mined for each boot and boot-outlet combination
at several air-flow rates. The average free area of
all outlets of a given size was computed. The aver-
age pressure loss, equivalent length based on
ASHAE Guide data,,) and pressure ratio for all
outlets of a given size tested in combination with
a given size of pipe were computed at air-flow rates
of 60, 80, 100, and 120 efm. These computed average
free areas, pressure losses, equivalent lengths, and
pressure ratios are given in Table 4.
In attempting to analyze the results, it would
appear logical to assume that for a given duct size,
the loss would decrease with increasing free area of
the outlet, but the data in Table 4 show that this
was not quite true. For a given duct size, the loss
did decrease with increasing outlet free area, but
only up to a certain point. Any further increase in
outlet free area beyond that point resulted in in-
creased loss. This prompted a more detailed study
of the effect of the various factors affecting pres-
sure loss.
The five major factors influencing pressure loss
in a boot or a boot-outlet combination are air-flow
rate, outlet dimensions, collar size, outlet vane set-
ting, and construction.
Effect of Air-Flow Rate on Pressure Loss: It
has already been shown (Fig. 4) that the total
pressure loss through a boot or boot-outlet com-
bination varied approximately as the square of the
air-flow rate. However, when the total pressure loss
was expressed in terms of the pressure ratio, the ex-
pression for the pressure loss became independent
of the air-flow rate (Fig. 4 and Table 4). Thus, by
the use of the pressure ratio, the results could be
condensed and expressed in a more useful form.
Table 3
Description of Floor Outlets Studied
No. No. of Vane*
of Damp- Setting
Vanes ers Type
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Fig. 7. Effect of Collar Size on Pressure Ratios
for Different Outlet Sizes
Effect of Outlet Dimensions on Pressure Loss:
The effect on the pressure ratio of varying one
outlet dimension while keeping the other constant
is shown in Fig. 6. For a given outlet length, the
pressure loss decreased with increased width up to
a certain point, where further increase in width
resulted in increased pressure loss. Varying the
length of the outlet while holding the width con-
stant had a similar effect on the pressure ratio.
Although the results shown are for 5-in. pipe only,
a similar trend was observed for other pipe sizes.
This indicates that for a given pipe size there is an
optimum outlet size for least pressure loss. The re-
sults of tests on boots showed a similar trend,
which indicates the behavior observed was not the
effect of any characteristic of the outlet (vanes,
dampers, etc.) but only of variations in dimensions.
Tc
Average Resistance of PH-4
Outlet
Size,
in.
24 by 10
CA FA FA
in. in. CA
19.5 15.7 .805
3%
TP EL
4
TP EL
0 20 40 0 /0 40 60
Constant vane angle, deg Settings V,I V2, V3. or V4, max deg
Fig. 8. Effect of Vane Angles on Pressure Ratio
for 5-in. Collar-Boot-Outlet Combinations
Effect of Collar Size on Pressure Ratio: Figure
7 illustrates the effect of collar size on the pressure
loss in six sizes of outlets. Collar size had a large
effect on the outlets of 21/-in. width - the
loss increased with increased collar diameter. The
collar size did not affect the pressure loss
through the 4-in. wide outlets to the same ex-
tent. The larger outlets of a given width had higher
losses with the 31/,-in. collar. For example, the loss
of a 21/ by 14-in. outlet was greater than that of
a 21/4 by 12-in. outlet. With larger collars, the
losses decreased with increased outlet width (com-
pare loss of 214 by 14-in. and 4 by 14-in. on 4-in.
collar). It may be deduced from this and Fig. 6
that there is an optimum combination of collar size
and outlet size for minimum pressure loss. Here a
word of caution may not be out of place about
ible 4
Boot-Floor Outlet Combinations
Collar Size, in.
4½
TP EL TP EL TP TP EL TP
VP VP
2'Y by 12 23.5 18.4 .783
2% by 14 25.6 18.9 .737
4 by 10 35.8 27.5 .767
4 by 12 42.8 31.9 .746
4 by 14 49.5 36.0 .727
6 by 10 53.6 40.0 .746
6 by 12 65.7 47.6 .724
6 by 14 75.7 56.0 .739
NOTE:
CA= Measured core area of outlet, sq. in.
FA= Measured free area of outlet, sq. in.
TP= Total pressure at collar, in. H20
VP= Velocity pressure at collar, in. H20
EL = Equivalent length in feet of approach duct
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interpreting Fig. 7 or any other material that in-
volves both collar size and pressure ratio. A high
pressure ratio at a given air-flow rate need not
necessarily mean a high total pressure, since the
pressure ratio depends upon the velocity pressure in
the collar and, therefore, on the collar size. For ex-
ample, in the first part of Fig. 7, the pressure ratio
of a 21/4 by 10-in. outlet on a 5-in. collar has al-
most twice the pressure ratio as on a 4-in. collar.
This may be erroneously interpreted that the out-
let has twice as much resistance when used on 5-in.
pipe as it would have if used on 4-in. pipe. Actually
since the velocity pressure in the 5-in. pipe is con-
siderably less than in the 4-in. pipe, the total pres-
sure loss in terms of inches of water for the outlet
would be less in the case of 5-in. pipe.
Effect of Vane Setting on Pressure Ratio: Since
the vane angles set by the manufacturer did not
provide sufficient data to permit any definite con-
clusions as to the effect of vane settings on pressure
loss, a special study was conducted to determine
the influence of vane angles on pressure ratio.
For this purpose, three sizes of outlets, 4 by
10-in., 4 by 12-in., and 4 by 14-in., with adjustable
vanes made by the same manufacturer, were tested
with several vane settings while installed on 4-in.
and 5-in. diam pipe. These settings are illustrated
in Fig. 5. Three basic settings were used. In the
zero vane angle setting, (CO) vanes were set with
no deflection from vertical. In the constant vane
angle setting, (Cl through C4) all vanes were set
at the same angle symmetrically about the center-
line. For the variable vane angle setting, (VI
through V4) the center vanes were set at zero de-
grees, and the rest were set at angles increasing
from zero degrees at the center to maximum de-
flection at the outlet's edge.
Results are shown in Fig. 8, where pressure
ratios are plotted against the maximum deflection
for each outlet tested. Since trends were similar for
both pipe sizes studied, only the results on 5-in.
pipe are presented. The figure illustrates that with
constant vane angles the pressure ratios increased
with the vane angle, whereas with variable vane
angles there was no appreciable change in the
pressure ratio within the range of settings studied.
This was attributed to two factors: The rate of
decrease of the outlet free area with increasing
vane angles was less in the case of variable vane
angles than with constant vane angles, and the
average angle through which the air was deflected
for a given maximum vane angle was smaller in
the case of variable setting than with constant vane
setting.
Effect of Differences in Construction: The effect
of the differences in construction could not be
evaluated quantitatively. Therefore, the pressure
ratios of all boots and boot-outlet combinations of
the same dimensions for a given pipe size were
averaged separately, and the average pressure ratio
was taken as the pressure loss for that size boot
or boot-outlet combination in conjunction with the
particular pipe size.
9. Correlation of Results
Having established and evaluated the influence
of the various individual factors which affect the
pressure loss of a boot or a boot-outlet combination,
two dimensionless quantities were defined for the
purpose of correlation and generalization of the
results. The first of these, pressure ratio, has al-
ready been defined. The second, which is area ratio,
was defined as the ratio of outlet free area to
the collar area. The free area used in computing the
area ratio was determined by the average of the
measured free areas of all outlets of a given size.
Thus, these two quantities take into account all the
factors that influence pressure loss.
Figure 9 shows the variation of the pressure
ratio with the area ratio for the PH-4 boots alone.
It may be seen that an optimum area ratio exists
for a minimum pressure ratio. In Fig. 10 the aver-
age pressure ratios for all the boot-outlet combina-
tions tested are plotted against average area ratios.
The trend is seen to be the same as in Fig. 9, tend-
ing to confirm this conclusion. The average pressure
ratios in Fig. 10 are higher than those in Fig. 9 for
a given area ratio. This may be attributed to the
increased loss in outlets due to the presence of
dampers and the deflecting vanes. The results from
the special study on vane angles (Section 8d),
plotted on the basis of pressure ratio vs. area ratio,
are shown in Fig. 11. The general trend is again
the same as that exhibited in the two previous
figures. Comparison of Figs. 10 and 11 shows that
the pressure ratios observed during the vane angle
study were generally higher than those on tests of
outlets "as received." This is because the outlets
selected for the vane angle study were of a con-
siderably different design than the others because
they had adjustable vanes. These outlets had con-
sistently higher losses than those with fixed vanes.
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The primary objective of the investigation was
to obtain design data for the pressure losses in
perimeter outlets. If the data were to pertain only
to the current models of outlets available, Fig. 10
could be used for obtaining the design data. How-
ever, by combining the data from Figs. 10 and 11
to obtain the average pressure loss curve, it was
felt that any reasonable future changes of the de-
flection angles for the purpose of improving distri-
bution would be taken into account, thus extending
the usefulness of the data. Figure 12 shows the
curve resulting from the combined data. Using this
curve results in slightly conservative values for the
pressure loss. Since the loss in boot-outlet com-
binations usually represents only a small portion
of the pressure loss in a perimeter supply run, the
.0 ¾
,~Q)
a
0<
¾ 00a(00
0 / 2 3 4 5 6
Area ratlo, boot exit area over duct area
Fig. 9. Pressure Loss in PH-4 Boots
Area ratio, outlet free area over duct area
Fig. 10. Average Pressure Loss in Boot-Outlet Combinations (Outlet Vane Angles as Set by Manufacturer)
Area ratio, outlet free area over duct area
Fig. 11. Pressure Loss in PH-4 Boots with Floor Outlets of Different Vane Angles
Area roto, outlet free area over duct area
Fig. 12. Average Pressure Loss in All Boot-Floor Outlet Combinations
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slight conservatism in these data is not likely to
be very significant.
10. Simplified Design Data
The pressure ratio curve presented in Fig. 12
is very nearly horizontal for area ratios in the
range of 1.25 to 3.20. Since the pressure ratio is
almost constant at 1.6 in this range, the design
pressure loss data can be further simplified and
reduced to tabular form with little loss of accuracy.
What this range of area ratios represents in terms
of square inches for each pipe size is shown in
Table 5. Using the average free area for each outlet
tested, such areas in Table 5 were converted into
outlet-pipe size combinations recommended for
minimum pressure loss. These are presented in
Table 6. Pressure loss in any outlet-pipe combina-
tion indicated would substantially equal 1.6 times
the velocity pressure in the pipe. To further simplify
the data, the pressure ratio of 1.6 was converted
into total pressure in inches of water, equivalent
length in feet, and in terms of duct diameters at
Table 5
Floor Outlet Free Area Limits for Different Size Ducts
for an Average Pressure Ratio of 1.6
Duct Diameter, Outlet Free Area, sq in.
in. Maximum Minimum
3% 32.0 12.0
4 41.8 15.7
4% 53.0 19.9
5 65.5 24.5
6 94.4 35.2
Outlet Size
in.
2%• by 10
2% by 12
2% by 14
4 by 10
4 by 12
4 by 14
6 by 10
6 by 12
6 by 14
Table 6
Pipe and Floor Outlet Size Combinations for
Average Pressure Ratio of 1.6
er Pipe Size, in.
4 4 Y 5
90 cfm (the midpoint of the air-flow range studies)
for the five pipe sizes as shown in Table 7. The
equivalent number of duct diameters was very
nearly equal to 60 for all the pipe sizes. This means
that the pressure loss in any duct-outlet combina-
tion in Table 6 equals the friction loss in a length
of duct equal in feet to five times the diameter of
the pipe in inches. For example, the pressure loss in
a combination of a 4-in. collar PH-4 boot and a
214 by 14-in. floor diffuser would be equivalent to
the loss in 20 ft [5x4(diam of pipe in inches)]
of 4-in. diam pipe.
Table 7
Resistance of Boot-Floor Outlet Combinations
for Different Pipe Sizes
Friction Loss T. P. for Eq. Length
in 100 ft, Boot-Outlet ft of Approach
in. H 20 Combination, in. Pipe, at
at 90 cfm HO2 0 at 90 cfm 90 cfm
1.010 .181 17.9
0.515 .106 20.6
0.293 .066 22.4
0.176 .043 24.7
0.073 .021 28.8
EL X 12
D
at 90
efml
61.5
61.8
59.7
59.3
57.5
I
IV. SPECIAL STUDIES ON FLOOR OUTLETS AND 900 ANGLE BOOTS
Two short special studies were conducted to sup-
plement the information obtained by the main in-
vestigation. The object of the first was to measure
the pressure loss through floor outlets installed at
the end of a straight rectangular duct, and to de-
termine the possibility of separating the outlet
pressure loss from the boot loss. The object of the
second was to measure the pressure loss of boots
of simple box type construction, with and without
floor outlets, in order to determine the feasibility
of using the simpler units.
1 1. Pressure Loss in Floor Outlets Installed at the End
of Straight Rectangular Duct
A 10-ft section of straight rectangular duct of
the same size as the outlet to be tested was installed
on the plenum in place of the 6-ft length of round
pipe shown in Fig. 3. A piezometer ring was in-
stalled on the duct at a section 6 in. upstream from
the outlet installed at the end of the duct. The
static pressure ahead of each outlet was measured
at several air-flow rates. Since the friction pressure
loss in the 6 inches of duct between the piezometer
location and the end of the duct was insignificant,
the static pressure as read at the piezometer was
considered the pressure loss in the outlet. The pres-
sure loss in the outlet was also computed from the
data based on the tests on round pipe with PH-4
boots, based upon the premise:
Pt(boot+outlet) - Pt(boot) = pressure loss in outlet.
If the above assumption is correct, then the out-
let pressure loss, determined from this equation,
Collar
Size,
in.
Outlet
Size, in.
2% by 10
2/ by 12
24 by 14
4 by 10
4 by 12
4 by 14
6 by 10
Table 8
Static Pressure Loss of Floor Outlets Determined
by Straight Approach at 90 cfm
Static Pressure Loss in Outlet, in. H.0O
Pa (coml.) -Pa (boot alone) B
3a 4 42 5 6 '
y Straight
Approach
.040
.030
.030
.012
.012
.007
.006
PH-4 S-I
S-2 S -3 2
S-4 S-5
Fig. 13. PH-4 and Box-Type Boots Tested
should equal that obtained by measurement on a
straight, rectangular duct. The pressure losses for
the different size outlets, as obtained by the two
methods, are shown in Table 8. It may be seen
from the table that the pressure losses as deter-
mined by the two methods were not equal. Further-
more, the outlet loss as determined from tests in
combination with boots varied with the collar size.
This indicates that there was a considerable degree
of air turbulence between the boot and the floor
outlet. We are led to conclude that the pressure
loss for a boot-outlet combination may not be ob-
tained by adding the boot resistance to the outlet
)
i
)
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pressure loss determined from tests on straight
rectangular ducts. Since the pressure losses of boots
and floor outlets cannot be separated, the only
accurate method for determining the pressure loss
of a given combination of boot and floor outlet is
to test the assembly.
12. Resistance of Simple Box-Type 90° Angle Boots
and Floor Outlets
This special study was conducted to determine
the practicability of using simple, 90' angle boots
in place of the streamlined PH-4 boots without
encountering unduly high pressure losses. The tests
were made on two sizes of outlets, 21/4 by 14-in.
and 4 by 10-in., in combination with two sizes of
pipe, 4 and 5-in. Figure 13 illustrates the propor-
tions of the five special boots, S1 through S5, and
the PH-4 boots tested. The test procedure was
identical to that detailed in Section 8.
The results of the tests, in terms of total pres-
sure loss for each box-type boot and boot-outlet
combination as a percentage of the loss in corre-
Table 9
Comparison of Pressure Losses in Box and PH-4 Type Boots
and Boot-Floor Outlet Combinations
Collar Diameter, in. 4 5
Type
PH-4
S-1
S-2
PH-4
S-1
S-2
S-3
S-4
S-5
Boot
Size,
in.
24 by 14
2% by 14
24 by 14
4 by 10
4 by 10
4 by 10
4 by 10
4 by 10
4 by 10
Pressure Loss, Percent of Pressure Loss in
PH-4 Boots and Boot-Outlet Combination
Boot Boot and Boot Boot and
Alone Outlet Alone Outlet
100 100 100 100
104 98 145 125
120 109 129 119
100 100 100 100
122 122 164 149
115 115 160 163
122 122 136 131
86 92 128 126
132 126
sponding size PH-4 boot or boot-outlet combina-
tion, are shown in Table 9. In general, the results
indicated that the streamlined, PH-4 boots had
lower loss than any of the corresponding special
boots. The sole exception was the S-4 boot on 4-in.
pipe with 4 by 10-in. size outlet, the total pressure
in this case being lower than that measured on
corresponding PH-4 boots. These data lead to the
general conclusion that, insofar as pressure loss is
concerned, the PH-4 boots are preferable to any
of the simpler boots tested.
V. PRESSURE LOSSES IN LOW SIDEWALL AND BASEBOARD OUTLETS
13. Description of Low Sidewall and Baseboard
Outlets Tested
The nominal size of the various outlets and
their measured free areas are given in Table 10.
The outlets are numbered according to the same
system as was used for floor outlets. The first letter
identifies the type, B for baseboard and C for low
sidewall. Several of the outlets were catalogued
under both baseboard and low sidewall types and
were tested on both types of installations. The face
designs and free areas of the outlets of the same
nominal size varied widely with the manufacturer.
Most outlet faces were stamped and a variety of
vane settings were used. Some outlets were set for
horizontal deflection, some for vertical deflection,
and several for combined horizontal and vertical
deflection of the air passing through the outlet. In
all, 39 outlets, ranging from 4 by 10-in. to 6 by
14-in., were tested.
14. Tests on Low Sidewall Outlets
Three series of tests were conducted with low
sidewall outlets:
Series 1 -Low sidewall outlets in combination
with 90° angle boots.
Series 2 -Low sidewall outlets in combination
with straight boots.
Series 3-Low sidewall outlets in combination
with end boots.
Test Arrangements and Procedure: Figure 14
illustrates the test setup and the size combinations
studied for each of the three series. The test pro-
gram in Series 1 was the most comprehensive for
pipe and outlet size, number of outlets, and stack
depths (dimension D in Fig. 14). Stackheads,
214-in. deep, were tested to determine if they could
be used in place of the larger 31 4 -in. stackheads
without undue increase in pressure loss, since their
use would make possible the installation of 1-in.
thick insulation behind the stackheads. The tests
on 214-in. stackheads were omitted from Series 2
and 3 since the results of Series 1 indicated that
Description
Outlet Size,
in.
4 by 10
4 by 12
4 by 14
5 by 10
5 by 12
5 by 14
6 by 10
6 by 12
6 by 14
the narrower s
The analysis
the pressure I
Table 10
of Low Sidewall and Baseboard Outlets
Outlet
Number
C410B
B410C
B412A
C412B
B412C
B414A
C414B
B414C
C510B
B510C
B510M
C512B
B512C
B512M
C514B
B514C
B514M
B610A
C610B
Ci610B
B610C
C610E
C610F
C610G
B610M
B612A
C612B
B612C
C612E
C612F
C612G
B612M
Bi612M
B614A
C614B
B614C
C614E
B614F
B614M
Outlet Free
Area, sq in.
15.1
16.5
19.0
18.9
27.8
22.8
22.8
31.5
19.0
29.0
26.6
24.4
33.8
32.0
27.1
39.2
36.6
28.6
28.3
20.3
28.2
25.0
28.3
23.5
35.6
34.2
34.6
42.3
31.5
33.9
28.3
36.6
29.2
38.1
42.1
38.9
38.3
40.2
43.2
Free Area
Core Area
.502
.445
.542
.510
.756
.458
.522
.718
.482
.599
.708
,505
.715
.696
.484
.699
.708
.559
.581
.390
.690
.537
.609
.502
.695
.623
.584
.701
.548
.591
.496
.682
.702
.554
.602
.698
.573
.600
.651
tackheads had higher pressure losses.
of Series 1 test results showed that
loss in all the combinations in the
series could be expressed in terms of the same two
dimensionless parameters already defined for pres-
sure losses in floor outlets, that is, pressure ratio
and area ratio. Therefore, it was decided that the
number of tests in Series 2 and 3 could be reduced
considerably by limiting the tests to three pipe
sizes, 4, 5, and 6-in. diam, and also by reducing
the number of outlets tested. The outlets selected
for tests in Series 2 and 3 represented the full range
of area ratios and all the different face designs,
except those made by manufacturer G.
The apparatus upstream of Station 1 (Fig. 14)
was the same as that used in tests on floor diffusers
(Fig. 3). In addition to the piezometer ring on the
round pipe at Station 1, another piezometer ring
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Series I, low sidewall- YU deg Door
A B C D
4 10,/2 4,5,6 3//4
5 10,/2,14 4.5,6 31/4
6 0. /2,14 4,5.6 35/4
I J
AV*
Series 2. low s/dewall- stroih/ boot
I6 J
A B c D
4 /0 4.5,.6 3//4
5 /0 4.5,6 31/4
6 /0 4.5,6 31/4
Series 3, /ow sidewall-end boo
Note: all dimensions in inches
Fig. 14. Test Arrangements and Combinations
for Low Sidewall Outlets
A B C o
3/V2 /0./2 4,5 21/4,31/4
4 /0, 12 4,5 21/4,314
4/2 /10,12,/4 4.5,6 314
5 /0,/2,/4 4,5,6 21/4.3/4
6 /10,/2,/4 4,5.6 31/4
was installed on the stackhead at Station 2, 6
inches downstream from the boot exit. The general
test procedure was identical to the one used in tests
on floor outlets, and consisted of measuring the
static pressures at Stations 1 and 2 at several air-
flow rates and computing the total pressures.
Results of Tests: The pressure loss data of
Series 1, 2, and 3 were plotted on curves similar to
those shown in Fig. 4. There was no observable
consistency in the values of total pressures at Sta-
tion 2, which were measured in an attempt to
separate the pressure loss of the outlet, from that
of the fittings. Therefore, no further consideration
was given to the total pressure at Station 2. The
pressure ratio at Station 1, the boot collar, was
again found to be practically independent of the
air-flow rate, and was used as a parameter for all
subsequent analysis and correlation. The results
of the correlation for each of the three test series
are discussed in the following paragraphs.
Series 1: The results of the tests in this series are
shown in Figs. 15 and 16, where the pressure ratios
are plotted against the corresponding area ratios.
The effect of stack depth "D" (Fig. 14) is shown in
Fig. 15. The effect of stack depth on pressure loss,
for all practical purposes, was negligible when
31 -in. and 4-in. diam pipes are used (Fig. 15a).
When 5-in. diam pipe was used, two distinct pres-
sure loss curves were obtained (Fig. 15b), one for
each stack depth. The combinations using the nar-
rower, 21/t-in. deep stackhead had a pressure loss
approximately 10% higher than the combinations
using the more common 31/ 1-in. staekheads. Since
these tests established that the 214 -in. stackheads
had higher pressure losses when used on pipe 5
inches and larger in diameter, the stackheads tested
in Series 2 and 3 were confined to 31 4 -in. depth.
In Fig. 16 the pressure losses of all combinations
using 31/1 -in. deep stackheads are plotted against
the corresponding area ratios. The trend shows that
the pressure ratio, as in the case of floor outlets,
was related to the area ratio. Unlike the floor out-
lets, there was no minimum point on the curve; the
pressure ratio decreased with increased area ratio,
rapidly at first and very slowly later. With area
ratios larger than 2.0, the pressure ratio was prac-
tically constant. The large number of points on the
curve up to area ratios of 2.0 as compared to the
number of points beyond that area ratio indicates
that the majority of combinations used in actual
practice are likely to fall in this region. The steep
I
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0 21/4 in. staock depth * !
* 314 in. stack depth 0"-e, o
I I _ _ _ _ I_ _ _ _ I I___ _ I _ _ _ _
1.5 2
Area ratio, outlet free area over duct area
(a) 31/2 in. and 4 in. diameter collars
.- S
s 5,
o.^
Area ratio, outlet free area over duct area
(b) 5 in. diameter collars
Fig. 15. Effect of Stock Depth "D" (Fig.
slope of this part of the curve precludes any possi-
bility of defining an average pressure ratio for all
combinations in this range. Thus, the pressure loss
of any low sidewall outlet in an installation of this
type has to be estimated individually. The points
marked "G" were the results of tests on outlets
.5 I 15 2 25 3 35
Area ratio, outlet free area over duct area
Fig. 16. Pressure Loss in 90° Angle Boot-Stackhead-
Low Sidewall Outlet Combinations (Series 11)
14) on Pressure Loss in Series 1 Tests
made by manufacturer G. These outlets had a com-
plicated face design making it impossible to deter-
mine the free areas with any degree of certainty.
Therefore, the points marked G were ignored.
Series 2: Pressure ratios for all the combinations
tested in this series are plotted against the corre-
sponding area ratios in Fig. 17. It is seen that the
pressure ratio curve for this series of tests was
0'-^
5,
0-
C.,
&'
Area ratio, outlet free area over duct area
Fig. 17. Pressure Loss in Straight Boot-Stackhead-
Low Sidewall Outlet Combinations (Series 2)
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similar to Series 1 (Fig. 16). Comparison of Figs.
16 and 17 reveals that the pressure loss in com-
binations using straight boots was consistently
lower than the loss in corresponding size combina-
tions using 900 angle boots, a difference of approxi-
mately 0.25 of the velocity pressure at the collar.
The reason for this difference in pressure loss be-
tween the two types of installations becomes ap-
parent from the test arrangements for the two
series, as shown in Fig. 14. In Series 1 the air had
to make a sharp 900 turn in the boot, whereas in
Series 2 the turn was more gradual, resulting in
lower loss at the turn, and a lower pressure
loss for the combination. The loss at the turn in
Series 2 is likely to be affected by the length of
the straight rectangular duct used (in this case
12 in.) between the exit of the straight boot and
the entrance to the stackhead. The effect of this
length of duct is twofold - it determines the sharp-
ness of the turn, and thereby the loss at the turn,
and it also affects the air motion between the boot
and the stackhead, influencing the pressure loss
caused by the combination. No attempt was made
to evaluate the effect of this duct length.
Series 3: A limited number of tests were run on
end boot-stackhead-low sidewall outlet combina-
tions. In Fig. 18 the pressure ratio is shown as a
function of area ratio. The general trend of the
pressure ratio curve was similar to that obtained
for Series 1 and 2. The pressure losses in combina-
tions using end boots were higher than in either
of the two previous combinations. This result, could
have been anticipated because in Series 3 tests the
air had to flow through three 90° bends.
15. Tests on Baseboard Outlets
The following series of tests were made on base-
6 _____
o
5
1 5 / ,5 ? or Ž
Area ratio, outlet free area over duct area
18. Pressure Loss in End Boot.Stackhead-Low Sidewall
Combinations (Series 3)
Outlet
A4 B C D
4 /0,12, 14 6 2/4, 3/4
5 /0,12, 14 6 21/4, 3/4
6 10,12,1 4 6 21/4, 31/4
.4 B
Serles 4, out-of-wallbaseboard I-6
Note. all dimensions in inches
Fig. 19. Test Arrangements anJ C n]onaionj
for Baseboard Outlets
board outlets:
Series 4 - Out-of-wall baseboard outlets in
combination with 900 angle boots
and stackheads.
Series 5 - Head-in-wall baseboard outlets in
combination with 90' angle boots
and stackheads.
The outlets were the same ones used in the
three previous series, and their physical character-
istics are shown in Table 10.
Test Arrangement and Procedure: Figure 19
shows the test setup and the size combinations
studied for each of the two series. The outlet sizes
in Series 4 were limited to 6 by 10-in., 6 by 12-in.,
and 6 by 14-in., since these sizes were the only ones
commonly available. Stackheads of two different
A 8 C D
31/2 /0,/2 4,5 31/4
4 10,12 4,5 31/4
4//2 10,12,14 4, 5, 6 3/4
5 /0,12,14 4,5,6 1/4
6 10,12,14 4,5,6 3//4
0 1
0
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Fig. 20. Pressure Loss in 90° Angle Boot-Stackhead-Out of Wall
Baseboard Outlet Combinations (Series 4)
depths, 214 in. and 31/, in., were used in Series 4
tests. Since the results showed that the standard
31 /-in. deep stackheads had lower losses, the tests
in Series 5 were limited to standard stackheads.
The apparatus upstream of the boot collar was
the same as that used in tests on floor diffusers
(Fig. 3). Static pressure measurements were made
at the boot collar (Station 1, Fig. 19) by means
of a piezometer ring. The general test procedure
was the same as that previously used.
Results of Tests: The pressure ratio for any
given combination was again independent of the
air-flow rate, so all further correlation of the data
was based on pressure ratio and area ratio.
Series 4: The pressure ratio versus area ratio curve
for the combinations tested in this series is shown
in Fig. 20. The trend of the pressure loss curve for
this series was the same as that observed in the
three test series on low sidewall outlets. At area
ratios greater than 2.0, the pressure ratio was prac-
tically constant. It increased rapidly as the area
ratio was decreased to values below 2.0.
Series 5: The pressure loss curve for head-in-wall
baseboard outlet combinations is given in Fig. 21.
The trend was the same as in the case of the out-
of-wall baseboard outlet combinations. A compari-
son of Figs. 20 and 21 shows that the head-in-wall
Table 11
Free Areas of Outlets "G" Determined by Various Methods
Collar Diam, in. 5 6
Outlet No. C610G C612G C610G C612G
Method of A2 A, A2 A2 A2 A2 A2 A2
Obtaining A2 A, sq in. Ai sq in. A, sq in. A, sq in.
Measured 1 20 23.5 1.44 28.3 0.83 23.5 1.00 28.3
Series 1 Tests 0.95 18.6 1.12 22.1 0.63 17.8 0.81 22.9
Series 4 Tests 0.93 18.4 1.11 21.8 0.64 18.3 0.80 22.6
Series 5 Tests 0.91 17.7 1.10 21.6 0.60 17.0 0.76 21.5
Avg by Tests 18.2 21.8 17.6 22.3
A= Collar area, sq in.
A2 = Outlet free area, sq in.
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Fig. 21. Pressure Loss in 900 Angle Boot-Stackhead-Head in
Wall Baseboard Outlet Combinations (Series 5)
baseboard outlets, for a given area ratio, had a
lower loss than the out-of-wall baseboard outlets.
The difference amounted to about 0.2 of the veloc-
ity pressure at the collar.
16. Points Marked "G" in Figs. 16, 20, and 21
The points marked "G" in Figs. 16, 20, and 21
were from tests on two outlets, C610G and C612G.
The face design of these outlets made it impossible
to measure their free areas with any degree of
certainty. The consistent deviation of these points
from the general trend of the data in Series 1, 4,
and 5 led to the conclusion that since there was no
error in the measured pressure loss of these outlets,
their measured free areas were in considerable error.
In order to confirm this premise, the area ratios
corresponding to the pressure ratios of these outlets
were determined from the curve in Figs. 16, 20,
and 21 for all the tests on these outlets. Since the
area ratios were known, the corresponding free
areas were computed and tabulated in Table 11.
It may be observed that the free areas of these
outlets, as determined from test results, were quite
consistent. The average free areas as determined
by test results, are shown in the table, along with
the measured free areas. It may be seen that the
test-determined average free areas were 0.75 of the
measured free areas.
The results lend further support to the theory
that pressure losses for baseboard and low sidewall
outlets may be related to the area ratios. The
curves presented may be used to predict pressure
losses in any combination of boots and outlets
which are similar to the ones tested if air-flow
rates are within practical limits for the pipe size
used and accurate free areas are known.
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Another use for the curves is suggested. When
the design of an outlet makes it hard to measure
the free area with any degree of accuracy, it may
be possible to determine the free area by measuring
the pressure loss of the outlet and using the appro-
priate curve to determine the area ratio.
The wide discrepancy between the free areas of
the outlets as determined by tests and their corre-
sponding catalogued values brings up another im-
portant point. Since the pressure loss of an outlet
depends on pipe size and air-flow rate, it neces-
sitates the use of extensive tables to show the
actual pressure loss of an outlet, making it im-
practical to include the pressure loss data in cata-
logues. If the accurate free area of an outlet is listed
in the catalogue, it would be an easy matter to de-
termine its pressure loss by making a few simple
computations and using the curve. It must be ac-
curate, since mismeasurement of free areas could
lead to considerable error in the estimated pressure
losses. For example, if the pressure losses of outlets
C610G and C612G were estimated from the pressure
loss curves, using the catalogue values of their free
.5 / 1.5 2
areas, the estimated pressure losses would be about
50 to 70% lower than the actual losses. If the
catalogued data on free areas are to be of any use
in making an accurate estimate of pressure losses,
they must be determined either by actual measure-
ment of the minimum passage area or, by measur-
ing the pressure loss and determining the free area
ratio using the appropriate pressure loss curve.
17. Discussion of Results of Test Series 1 Through 5
Results from all five test series are plotted in
Fig. 22 on one set of axes for comparison. The trend
of the pressure ratio is the same in all cases, but
the pressure loss for a given area ratio varies ap-
preciably from one combination to another. The
combinations using end boots (curve 3) had the
highest loss, and those using straight boots (curve
2) had the lowest loss. Variation in pressure loss
using 900 boots (curves 1, 4, 5) was small.
The pressure loss of a combination of boot,
stackhead, and supply outlet consists of friction loss
in the length of the fittings involved, and dynamic
losses due to turns and to contractions or expan-
Area ratio, outlet free area over duct area
Fig. 22. Comparison of Results from Test Series 1 Through 5
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sions. The final velocity pressure of the air coming
from the supply outlet, while it is not a part of the
total pressure loss of the boot-stackhead-outlet
combination, is an abrupt expansion loss which has
been considered in this investigation.
Some insight into the influence of the various
components of loss may be obtained from a com-
parison of the curves shown in Fig. 23. Curve 1,
recently published as Fig. 4 in Reference 8, repre-
sents the theoretical pressure loss in an abrupt ex-
pansion from area A2 to area A1 . Curve 2, pub-
lished as Fig. 8 in Reference 1, is the measured
pressure loss (including final velocity pressure) in
a supply outlet mounted at the end of a straight
section of duct which is the same size as the dimen-
sions of the supply outlet. The loss is expressed in
terms of velocity pressure in the duct, and plotted
as a function of the ratio of measured outlet free
area, A 2 to duct area, A,. To obtain the range of
area ratios, the size of the outlet border was varied.
Curve 2 is parallel to Curve 1, indicating that
the pressure loss in a register is primarily due to
the change in area or to the abrupt expansion of the
air issuing from the outlet. The displacement of
Curve 2 can be attributed to the additional dynamic
and friction losses of the outlet, and difference be-
tween the measured free area and the true con-
tracted area of the flow from the outlet. Solid
points superimposed upon Curve 2 are the pres-
sure loss for floor diffusers installed at the end of
rectangular ducts (See Art. 12). The losses in floor
diffusers were in good agreement with losses for
registers from Reference 1.
Curve 3 is a plot of the pressure losses of boot-
stackhead-outlet combinations studied in Series 1
as a function of the ratio of measured free area,
A2, to boot collar area, A1 . The curve is the same
as that shown in Fig. 16, but the data has been
plotted on logarithmic coordinates. At area ratios
less than 1, the pressure loss for the combination
approaches parallelism with the abrupt expansion
loss (Curve 1) and coincidence with the loss for
outlets at the end of rectangular duct (Curve 2).
This is because of the influence of the final velocity
pressure which is large when expressed in terms of
the velocity pressure in the collar. It indicates that
the losses in the turns, and in contraction and ex-
pansion fittings become small in comparison with
the outlet loss. This may be visualized by consider-
ing that a boot-stackhead combination becomes a
plenum when the outlet free area is small in com-
parison with the branch pipe size.
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Fig. 23. Comparison of Pressure Loss in Supply Outlet Assemblies
with Loss Due to Abrupt Expansion
At area ratios greater than 2, the pressure loss
of the combination approaches a limiting value,
which indicates that the outlet loss is small in com-
parison with the loss due to the turns and area
changes in the fittings. The difference in the curves
of Fig. 22 at area ratios greater than 2 represents
the difference in pressure loss of the various fittings
used in the assemblies. The straight boot combina-
tion had the least loss because of the long radius
turn which connects the boot and stackhead. The
end boot assemblies had the greatest loss because
of the greater number of turns (three as compared
to two for other combinations) and turbulence at
the boot outlet. The 900 angle boot combinations
had losses intermediate to the other two assemblies
because the turn had a shorter radius than that of
the straight boot assembly.
Between area ratios 1 and 2 the loss will depend
upon both outlet loss and the loss in the fittings.
The differences between the losses of the combina-
tions in this range, in contrast to the differences at
the two extremes of the area ratios studied, suggest
that the combined loss of the fitting-outlet com-
bination is greater than the sum of the individual
losses. Attempts to separate the loss of the various
components verified this. They were not successful,
and it was concluded that the outlets should be
tested in simulated actual installations.
,14 I 1
VI. PRESSURE LOSS IN EXTENDED BASEBOARD OUTLETS
18. Description of Extended Baseboard Outlets
Twenty extended baseboard outlets of current
design, ranging from 17 in. to 120 in., were studied.
The 72-in., 96-in., and 120-in. long outlets were
made up by connecting two or more shorter outlets
of the same manufacture. The outlet face designs
and damper designs and locations varied con-
siderably. The measured free areas of the outlets
are shown in Table 12. The outlet numbering sys-
tem again was such that the first letter represented
the type of outlet (E for extended baseboard type),
the numerals expressed the length of the outlet in
inches, and the last letter identified the manu-
facturer.
A B D E
4 /7 to 60 2'/4 /2, /4
5 17 to /20 2/4 /2, /4
6 17 to /20 2'4 /2, 14
Note: A// dimensions in inches
Fig. 24. Test Arrangements and Combinations for Extended
Baseboard Outlets
Measured Free Areas of
Number Length, Free Area,
in. sq in.
E17L 17 19.8
E24B 24 14.5
E24E 24 12.4
E24E, 24 20.5
E24E. 24 16.7
E24G 24 13.6
E24M 24 16.3
E30K 30 34.5
E30L 30 30.4
E36D 36 17.1
ble 12
Extended Baseboard Outlets
Number Length, Free Area,
in. sq in.
E36K 36 14.3
E48B 48 28.9
E48E 48 22.4
E48E2 48 33.6
E48G 48 27.2
E48M 48 33.0
E60K 60 23.9
E72G 72 40.8
E96K 96 38.4
E120E 120 52.4
19. Test Arrangement and Procedure
Figure 24 shows the arrangement used in this
phase of the study. The apparatus upstream of Sta-
tion 1 was the same as that shown in Fig. 3. Static
pressures were measured at two sections, Stations 1
and 2. However, the static pressures measured at
Station 2 did not show sufficient consistency for use
in analysis. The table included in Fig. 24 shows
the size combinations tested in this study. The
general procedure used was the same as that de-
tailed in Section 8, except that no tests were made
on boots alone.
20. Results of Tests on Extended Baseboard Outlets
When the data from these tests were reduced
and expressed in terms of pressure ratio and area
ratio, the pressure ratio again was found to be
almost independent of the air-flow rate. It ap-
peared at first that a correlation between pressure
.5 / I5 2 2.5 3 3.5
Area ratio, outlel free area over duct area
Fig. 25. Pressure Loss in 900 Angle Boot-Extended Baseboard Outlet Combinations (4-in. Duct)
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Area ratio, outlet free area over ducl area
Fig. 26. Pressure Loss in 90° Angle Boot-Extended Baseboard Outlet Combinations (5-in. Duct)
ratio and area ratio would be possible as in earlier
series of tests. However, when plotted the curve of
pressure ratio versus area ratio showed that this
was not quite true. Unlike earlier studies, the pres-
sure ratio plotted against area ratios did not yield
a single smooth curve, but a family of three curves,
each corresponding to one pipe size. The curves
for 4-in., 5-in., and 6-in. diam pipes are shown in
Figs. 25, 26, and 27, respectively. Since separate
curves had to be shown for each pipe size, the
pressure loss curves could have been plotted on the
basis of total pressure in inches of water and out-
let free area. For uniformity, the results are shown
in terms of the two dimensionless ratios used in the
earlier phases of the study.
From Figs. 25, 26, and 27 it is seen that the
general trend of the pressure loss curve was similar
to that in the earlier tests. The pressure loss de-
creased rapidly at first, and then more slowly, as
the area ratio was increased. The combinations
using 2'1/ by 14-in boots had a slightly lower pres-
sure loss than those using 214 by 12-in. boots. The
scatter of points made it impractical to draw
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Area ratio, outlet free area over duct area
Fig. 27. Pressure Loss in 900 Angle Boot-Extended Baseboard
Outlet Combinations (6-in. Duct)
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Fig. 28. Pressure Loss in 24-in. and 48-in. Extended
Baseboard Outlets
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separate curves for the combination using the two
boot sizes. Since the difference in pressure losses of
combinations using the two sizes of boots was
rather small, averaging about 0.006 in. water on
each of the three pipe sizes, it was decided that an
average pressure loss curve for each pipe size
could be drawn for all combinations without un-
due loss of accuracy.
In order to explain the possible reason for the
failure of plots of pressure ratio versus area ratio
to yield a single curve, the data from the tests of
the 24-in. and 48-in. outlets on 21/4 by 12-in. boots
for the three pipe sizes are replotted in Fig. 27 on
the basis of pressure ratio and free area. Since
separate curves are shown for each pipe size, the
free area was used instead of the area ratio. For
brevity, the pressure ratio was retained as the
ordinate, since the trends and not the actual values
of pressure loss are pertinent.
From Fig. 28 it may be seen that for a given
pipe size and outlet length the pressure loss is gov-
erned by free area. For a given outlet length, how-
ever, the influence of changes in free area on pres-
sure loss varies with the pipe size, as evidenced by
the slopes of the curves in the figure. The curves
for 4-in. and 6-in. pipe have the lowest and the
highest slopes, respectively. Thus, for outlets of a
given length, changes in free area are of greater
importance on the larger pipe than on the smaller
one. It may also be seen that for a given pipe size,
the pressure loss curve for the 48-in. outlets had a
lower slope than the one for the 24-in. outlets. This
would indicate that changes in free area would
affect the pressure loss of a shorter outlet to a
greater degree than that of a longer outlet.
It is apparent that the pressure loss of any
PH-4 boot-extended baseboard outlet combination
is governed primarily by collar size, outlet free
area, and outlet length. Since the influence of all
three factors could not be expressed in terms of a
single factor, the pressure losses in these combina-
tions cannot be shown in one curve, but require a
series of curves, one for each pipe size, as shown
in Figs. 25, 26, and 27. Part of the scatter in data
may be attributed directly to the influence of out-
let length on pressure loss.
VII. PRESSURE LOSS AND SYSTEM DESIGN
21. Design Data
The pressure loss data presented thus far, except
for floor diffusers, was expressed in terms of pres-
sure ratio which has no direct application in sys-
tem design since it is not a basic unit. The actual
pressure loss of any combination depends not only
on the value of the corresponding pressure ratio,
but also on the pipe size and air-flow rate. For the
purposes of design, the pressure loss for an outlet
combination has to be known in terms of inches of
water at a certain air-flow rate or in terms of
equivalent length of approach duct.
In order to facilitate the use of the pressure loss
curves, three conversion charts are presented in
Figs. 29 and 30. The range of pipe sizes included
in Fig. 29 corresponds to that used in the test pro-
gram. The area ratio for any combination of pipe
size and outlet free area may be determined from
the figure, and knowing the area ratio, the pres-
sure ratio may be determined from the appropriate
pressure loss curve. Using the pressure ratio thus
determined, the total pressure loss in inches of
water may be determined for any air-flow rate
from 40-150 efm from Fig. 30. Therefore, by using
the pressure loss curves in conjunction with Figs.
29 and 30, the pressure loss of any combination of
pipe size and outlet, within the range tested, may
be obtained in terms of inches of water column.
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Fig. 29. Chart for Converting Outlet Free Area to Area Ratio
In applying the data, it must be stressed that
they are subject to the following limitations:
1. They are applicable only to the range of
size and air-flow rates used in the study.
2. They may not apply to boots or diffusers of
a design radically different from the ones used
in the tests. The fittings and outlets used in
the study represented the current practice at
the time of the investigation (1954-1956).
3. The average values of the pressure loss as
determined by the rather conservative data
are subject to a variation of ±- 25%. The
comparatively large variation in the pressure
loss downstream of the boot collar is not as
serious as might appear, since the pres-
sure loss in boot-outlet combinations usually
amounts to about 20% of the pressure loss
in the entire supply-air run from the bonnet.
Therefore, the uncertainty in the pressure
loss of boot-outlet combinations amounts to
only about 5% of the pressure loss in the run.
22. Pressure Loss and Selection of Outlets
An accurate knowledge of the pressure loss
through the components is essential for proper de-
sign of a supply-air system. Since the fan has to
deliver a certain quantity of air at a certain pres-
sure to overcome the pressure loss, its size, and
initial and operating costs would depend partly on
the pressure loss in the system. From this stand-
point, it would be advantageous to select com-
ponents of minimum pressure loss in designing a
system. The function of the supply-air system in
a heating or air conditioning system is to supply
the proper amount of conditioned air to the various
rooms, and to distribute the air within a room in
such a manner as to produce the desired degree of
comfort. No air distribution system, however well
designed, will function exactly as designed and
supply the exact amount of air to each room. There-
fore, every system has to be balanced by using
dampers and usually the addition of more resist-
ance (pressure loss) into certain supply runs.
Thus, a certain amount of pressure loss is desirable
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Fig. 30. Chart for Converting Pressure Ratio to Total Pressure Loss
for the proper balancing of air distribution to the
various rooms. If the function of the air distribu-
tion system was merely to insure the supply of a
proper amount of conditioned air to the various
rooms, additional pressure losses could be avoided
by using properly designed boots without any
supply outlets. However, the air must be distributed
within the room at certain velocities and directed
in certain patterns to produce proper comfort condi-
tions. To accomplish this, properly designed supply
outlets with vanes have to be used, resulting in
additional pressure loss.(3,4)
Pressure losses are necessary in a heating or
air conditioning system and have to be accepted.
Pressure losses in supply outlets should be of sec-
ondary importance in the design of a system or the
selection of components since the primary function
of the system is to produce comfort.
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